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INTRODUCTION
Low-and middle-income countries are facing a double burden of nutritional disorders, i.e. malnutrition and micronutrient deficiencies as well as a rapidly growing epidemic of childhood obesity.2
The rise in the incidence of childhood obesity significantly increases the number of new cases of metabolic syndrome (MetS) among children.3 Moreover, the problem is not limited to industrialized countries, since the Middle East is one of the regions with the highest prevalence of childhood obesity and MetS because of rapid lifestyle change and the still existing belief among families that childhood overweight is a sign of health. 4 Given that the Middle Eastern population is facing the world's greatest increment in the absolute burden of future diabetes,5 preventive measures from early life are imperative.
It is therefore extremely important to try to prevent or treat MetS via simple and feasible methods. Healthy lifestyle remains the first-line intervention for its prevention and control in all age groups.3 However, some pharmacologic approaches can also be considered.
Regardless of the existing controversies, insulin resistance is considered as a generally accepted unifying theory explaining the do-0819.pdf http://www.medicinacomplementar.com.br/convertido/do-0819.htm pathophysiology of MetS.6 Thus, it could be suggested that factors related to the insulin metabolism might improve insulin resistance and consequently the components of MetS.
Zinc, an essential trace element and a component of many enzymes, is involved in the synthesis, storage and release of insulin. Many experimental and clinical studies have documented the fact that zinc deficiency may predispose to glucose intolerance, diabetes mellitus, insulin resistance, atherosclerosis and coronary artery disease.7-9 The effect of zinc on low density lipoprotein-cholesterol (LDL-C) and high density lipoprotein-cholesterol (HDL-C) has also been reported. 7, 10 Unlike the effects of macronutrients on MetS which have been extensively investigated,1,10,11 the potential effects of micronutrients have received limited attention and such studies are particularly sparse in the pediatric age group.
In the present study, we evaluated the effect of zinc sulfate on insulin resistance and components of the metabolic syndrome in a sample of obese children. Because of the hormonal changes during puberty, the trial was conducted among prepubertal children.
METHODOLOGY Participants
This triple-masked, randomized, placebo-controlled cross-over trial was conducted among 60 obese Iranian children in 2008. Participants were randomly recruited from among 97 obese children aged 6-10 years who were referred from January to March 2008 to the Pediatric Obesity and Metabolic Syndrome Research Clinic of the Pediatric Preventive Cardiology Department, Isfahan Cardiovascular Research Center (ICRC), a collaborating center of the World Health Organization. Participants were selected by means of a computer-generated random numbers table by using the children's records numbers in our clinic. The parents of seven selected children did not agree to have their children included in this trial, hence the recruitment was continued to reach the required number of 60 participants.
The study was approved by the Ethics Committee of the ICRC (NIH Code: FWA 0000t8578) and was conducted according to the Declaration of Helsinki. After providing detailed oral information to children and parents, we obtained written informed consent from the parents and oral assent from the children.
Eligibility criteria for participation included age between 6 and 10 years, body mass index (BMI) equal to or higher than the age-and sex-specific 95th percentile according to the revised Centers for Disease Control and Prevention (CDC) growth charts12 and no signs of puberty (Tanner stage 1).13 Children with syndromal obesity, endocrine disorders, any physical disability, history of chronic medication use, use of mineral and/or vitamin supplements, history of any chronic diseases and/or chronic medication use or children under special diets were not included in the study.
Anthropometric Measurement and Clinical Examination
The age and birth date of subjects were recorded. All anthropometric measurements were made by the same trained general physician and under the supervision of the same pediatrician following standard protocols.
Height (Ht) and weight (Wt) were measured twice to ±0.2 cm and to ±0.2 kg, respectively, with subjects being barefoot and lightly dressed; the averages of these measurements were recorded. BMI was calculated as weight (in kilograms) divided by the square of height (in meters). Waist circumference (WC) was measured with a non-elastic tape at a point midway between the lower border of the rib cage and the iliac crest at the end of normal expiration.
Blood pressure (BP) was measured using mercury sphygmomanometers after 5 min of rest in the sitting position. The subjects were seated with the heart, cuff, and zero-indicator on the manometer at the level of the observer's eye. All readings were taken in duplicate in the right arm. Appropriate size cuffs were used with cuff-width 40% of mid-arm circumference, and cuff bladders covering 80% to 100% of the arm circumference and approximately two thirds of the length of the upper arm without overlapping. The procedure was explained to the children and the cuff inflated and deflated once, the first BP measured was not used in the analysis of this study. The readings at the first and the fifth Korotkoff phase were taken as systolic and diastolic BP (SBP and DBP), respectively. The average of the two BP measurements was recorded and included in the analysis.14 A pediatric endocrinologist determined the pubertal developmental stage by careful physical examination according to the Marshall and Tanner score.13
Biochemical measurements
The biochemical parameters were measured in a central laboratory of the ICRC with adherence to external national and international quality control. The children were instructed to fast for 12 h before the screening; compliance with fasting was determined by interview on the morning of examination. With one of the parents accompanying his/her child, blood samples were taken from the antecubital vein between 08:00 and 09:30 am. After collecting blood samples, the participants were served a healthy snack provided by the project team. In addition to the components of the metabolic syndrome, total cholesterol (TC) and LDL-C were measured as well. Fasting plasma glucose (FPG), triglycerides (TG), TC, LDL-C and high-density lipoprotein-cholesterol (HDL-C) were measured enzymatically by auto-analyzer (Hitachi, Tokyo, Japan).
Insulin was measured by the immune radiometric assay (IRMA) method (Biosource, Belgium). Insulin resistance (IR) was calculated by the homeostasis model assessment for insulin resistance (HOMA-IR) model as fasting insulin(mU/L) x fasting glucose(mmol/L)/ 22.5.
Serum zinc level was measured by flame atomic absorption spectrophotometry in the Biochemistry Department of the Faculty of Pharmacy, Isfahan University of Medical Sciences.
Intervention
After baseline measurements, participants were randomly assigned into two groups of equal number by means of a computergenerated random numbers table by using the children's records numbers in our clinic.
There is no documented dose of zinc supplementation for improvement of insulin resistance among obese children. As trials among adults have revealed favorable changes with a dose of 30mg/day of elemental zinc,15,16 that is, two times higher than the recommended dietary allowance (RDA) for adults of 15mg/day, 17 we used a dose of 20mg/day of elemental zinc, i.e. two-fold the RDA for children.17 One group received 20mg elemental zinc and the other group received placebo on a regular daily basis for eight weeks. The trial was conducted according to a triple blind randomized method, i.e. the physician who prescribed the drug, the nurse of our clinic who gave the drug and the participants and their families were not aware of the type of drug used. Since the groups were coded as Group 1 and 2, the statistician who analyzed the data was not aware of the intervention provided for each group. The drugs and placebo were of the same size and color and were prepared in the Pharmaceutics' Department of the Faculty of Pharmacy, Isfahan University of Medical Sciences.
In order to increase the participants' compliance and to identify possible side effects, all participants and their parents were followed up via a weekly telephone call and a monthly visit during the trial. The baseline clinical and laboratory measurements were repeated eight do-0819.pdf http://www.medicinacomplementar.com.br/convertido/do-0819.htm weeks after starting the treatment (zinc or placebo). Then, after a 4-week wash-out period, the groups were crossed over so that the children initially receiving zinc received placebo and children previously taking the placebo received 20mg elemental zinc per day. The protocol was repeated again for eight weeks. At the end of the second phase, all laboratory tests and clinical evaluations were repeated. The whole program was offered free of charge.
Statistical analysis
We used the SPSS for Windows software (version 15:00; SPSS, Chicago, IL) for statistical analysis. Descriptive data are expressed as mean ± standard deviation (SD). After assessment of the normal distribution by the Kolmogorov-Smirnov test, within group changes were compared by the paired t-test for those variables with normal distribution and by the Wilcoxon Signed Rank test for SBP, DBP, serum zinc and insulin levels as well as HOMA-IR that had non-normal distribution. For comparison of data between the two groups, we used Student's t-test for data with normal distribution and the Wilcoxon Signed Rank test for the aforementioned data concerning non-normal distribution.
Analyses were initially stratified by gender, but as the differences were not significant, results are presented for girls and boys combined. A P value of less than 0.05 was considered as statistically significant.
RESULTS
The trial recorded no drop-outs and all 60 children (59% females) completed the trial. The mean age of participants was 9.1±1.1 years. The two groups under study had no significant difference in terms of age, the male/female proportion and other baseline characteristics. All participants lived in Isfahan city and were generally from middle-income families.
Mean (SD) of anthropometric measures, BP, serum insulin, FPG and lipid profile as well as HOMA-IR before and after receiving zinc supplement or placebo are presented in Tables 1 and 2 . In both groups, the changes in weight, BMI, BMI Z-score, total-and LDL-cholesterol, FPG, insulin and HOMA-IR were significantly different after receiving zinc supplement vs. placebo. In both groups, the mean BMI Z-score remained high; however, after zinc supplementation, the mean weight, BMI, BMI Z-score, total-and LDL-cholesterol, FPG, insulin and HOMA-IR decreased significantly. After placebo, the mean weight, BMI, BMI Z-score, TG, FPG, insulin and HOMA-IR increased significantly, and the mean WC, total-and LDL-cholesterol showed a non-significant increase.
DISCUSSION
To the best of our knowledge, the data obtained in this study on the effects of zinc on insulin resistance and the components of the metabolic syndrome in prepubertal obese children constitute a novel observation. We found that 20mg daily elemental zinc supplementation was effective in reducing insulin resistance. Children receiving zinc supplementation showed significant favorable changes in BMI, some cardiometabolic risk factors and insulin resistance, whereas the corresponding figures were not improved after receiving placebo. Such an effect of zinc may prove of clinical significance.
The effect of zinc on inhibition of glycogen synthase kinase 3β has been shown in laboratory studies.18 In a trial among diabetic patients, zinc supplementation was effective in reducing HbA1C.7 Furthermore, some studies have suggested that zinc supplementation could improve insulin sensitivity in patients with non-insulin-dependent diabetes mellitus.19
The national prevalence of MetS in Iran is high, and is estimated to be 34.7% among adults20 and 14.2% among children and adolescents.21 Therefore, zinc supplementation or increasing zinc intake through diet might be an additional means of reducing the hazards of this emerging health problem and its consequences.
In the present trial, the mean total-and LDL-cholesterol as well as TG decreased significantly after the subjects received zinc supplement. The majority of controlled trials which evaluated the effect of zinc supplementation on plasma lipids did not document significant changes on serum lipids with 15-150mg daily zinc.22-24 On the other hand, it was shown that supplementation with 20 or 53mg zinc/day can decrease plasma cholesterol concentrations in older people with low zinc serum level.22,25 Such changes were not found for serum TG levels.22,23 The non-significant change in HDL-C in this study was consistent with other studies. The effect of zinc supplementation in males appears to be dependent on the dose of zinc and the duration of the supplementation. Doses of 30mg zinc/day for up to 14 weeks had no significant effect on HDL-C concentrations, while higher doses decreased it.22,24 The favorable changes in serum lipid profile after zinc supplementation in the present trial may be attributed to the decline in BMI.
Our finding of a significant decline in BMI after zinc intake is in line with previous studies among adults in which a beneficial effect of daily zinc intake on the body fat of obese individuals was demonstrated.10,25
A dose-dependent rise of plasma rennin activity and serum aldosterone levels, without significant changes in blood pressure, was observed in normotensive individuals undergoing additional zinc supplementation. 26 We did not observe any significant change in blood pressure, a finding which is in line with a study among diabetic patients with microalbuminuria.16
The main limitation of the present study might be its short time of follow-up, since it is probable that changes in some anthropometric measures and cardiometabolic risk factors could reach significance with longer follow-up. The other limitation concerns the dose of zinc used in this trial: as there was no documented dose of zinc supplementation for improvement of insulin resistance among obese children, we estimated a dose based on trials among adults. Although the dose used in this trial was high, we did not document any side effect; this might in part be attributed to the high prevalence of zinc deficiency in our community. Future studies should compare different doses of zinc supplementation for children. Moreover, the time for the wash-out period, adopted from studies conducted in adults, might have been shorter than required, a fact that possibly explains the rather high basal zinc values in children given the placebo after the zinc. The novelty of this study is its inclusion of prepubertal children. The strength of the trial was its cross-over design that overcome many confounding factors like diet and physical activity habits among participants; moreover, its triple-masked, placebocontrolled method increases the validity of the findings.
CONCLUSION
Besides application of lifestyle modifications, zinc supplementation might be considered a useful and safe additional intervention for controlling cardiometabolic risk factors related to childhood obesity. Our findings on the efficacy and safety of zinc supplementation should be confirmed by future studies with a larger sample size and a longer follow-up period.
